INTRODUCTION
Indigenous peoples 1 possess internationally recognized knowledge in areas as diverse as conservation and agricultural practices, classification systems, land use practices and sustainable management of natural resources, healthcare practices, and medicinal properties of local species. 2 Because of the value of this knowledge, both indigenous peoples and commentators have been concerned about its exploitation by non-indigenous peoples; the same concerns apply to the diverse genetic resources found on indigenous lands. These concerns have led to calls for the protection of indigenous or traditional knowledge (TK) and calls for sharing of the benefits derived from the exploitation of TK. How protection and benefit sharing are to be accomplished, however, is a highly divisive and controversial topic, dividing resource-rich developing countries from those with advanced industrial and research capacity.
This book aims at describing early efforts at defining and protecting TK nationally and internationally, at summarizing the existing state of international negotiations over TK, culminating in The Declaration on the Rights of Indigenous Peoples and The Nagoya Protocol on Access and Benefit-sharing, and at opening up discussion of non-proprietary approaches to protecting the interests of indigenous peoples in TK. While the early negotiations achieved
International Labour Organization (ILO), Convention concerning Indigenous and Tribal Peoples in Independent Countries, C169, 27 June 1989 (entered into force 6 September 1991) (Indigenous peoples are those who are regarded as indigenous on account of their descent from the population which inhabited the country, or geographical region to which the country belongs, at the time of conquest or colonization or the establishment of present state boundaries and who, irrespective of their legal status, retain some or all of their own social, economic, cultural and political institutions). much in terms of identifying traditional and indigenous communities' interest in TK, they often became bogged down by inappropriate use of proprietary models. With hindsight, we can understand why these models do not adequately respond to the nature of TK nor the interests of traditional, indigenous and other communities. New models, developed around the notion of distributive justice and self-determination, are now gaining favour and, as this book argues, offer much to both indigenous peoples and the general aim of fostering scientific innovation.
More narrowly, this book attempts to break down the contentious international discussions surrounding TK and associated property rights 3 in the context of medicinal uses of genetic resources and associated TK (ATK), conservation of biological and cultural diversity, and traditional ecological knowledge (TEK). 4 After summarizing the international debate in Part 1, Part 2 focuses on the implementation and effect of national laws and policies to protect and respect TK and the rights of indigenous peoples in four jurisdictions: Brazil, Kenya, India and Canada. These four jurisdictions provide the opportunity to compare the effects of laws based on property rights with laws that enhance protection for the rights and autonomy of indigenous peoples. The book ends by tying these various pieces together to argue for a new approach to TK that focuses on distributive justice, equality of capabilities and self-determination.
Before entering into the specific debate examined in this book, it is important to recognize the complexity of the debate, the nature of TK and the interests of indigenous and other peoples in TK. The first thing to recognize is the absence of a single definition for TK in international debates. The concept at times refers to indigenous knowledge systems, innovations, customary laws or practices. 5 TK is context and culture specific and is not traditional in the sense 2 Genetic resources and traditional knowledge 3 This case study focuses on traditional knowledge and not traditional cultural expressions and folklore. While the two issues are closely related, they are often separated in international and national laws. The former is the primary consideration in debates about conservation of genetic resources and biotechnology. See TK related to agriculture and food security is addressed only tangentially. 5 The Secretariat of the Convention on Biological Diversity defines TK as referring: 'to the knowledge, innovations and practices of indigenous and local communities around the world. Developed from experience gained over the centuries and adapted to the local culture and environment, traditional knowledge is transmitted orally from generation to generation. It tends to be collectively owned and takes the form of stories, songs, folklore, proverbs, cultural values, beliefs, rituals, community laws, local language, and traditional natural resource managers, artisans and traditional health providers. There are also many examples of how indigenous communities sustainably manage biological resources and protect and share the associated knowledge. These include deliberate selection and storage of seeds to complex cropping systems and extensive use of plants as medicines. 9 One can distinguish between different specific types of TK within this broad definition. These different types of TK include traditional ecological knowledge (TEK) and TK about genetic resources, generally, and more specifically, to treat diseases (associated TK). 10 TEK includes 'knowledge about the natural milieu that is rooted in the accumulation of concrete, personal experiences '. 11 This includes factual knowledge about the environment (e.g., animal migration patterns, population trends), factual knowledge about past and current uses of the land (e.g., conservation methods, agricultural methods that preserve biodiversity), values about the use of the environment (e.g., culturally based beliefs about the relationship of humans and the environment) and the knowledge system (e.g., the knowledge framework within which knowledge is formed based on information derived from observations and experience). 12 Associated TK includes knowledge of current, previous and potential use of plants and animals, knowledge about preparation, processing or storage of species, and knowledge of formulations involving more than one ingredient. It also includes knowledge about individual species. 13 Given the breadth of the concept of TK, it is not surprising that the development of international norms and national legal regimes to protect the interests of indigenous communities and TK from inappropriate use is a daunting task. At the heart of discussions over the rights and wrongs of TK lies powerful imagery that defines, often simplistically, the different interests of indigenous communities, scientific communities, universities and industry. The paradigmatic conflict -called bio-prospecting by those who see little harm and bio-piracy by those who view it as a deep wrong -revolves around the image of an indigenous community that holds TK, a potential utility of which is identified by an outside group, typically from an industrialized country. That outside group uses the TK to produce some derivate product or service which it then exploits in exclusion of the original TK holders. 14 The seeming inequity inherent in this scenario has led activists to argue for a legally binding international regime to recognize indigenous rights over TK and to provide legal entitlement to an appropriate share of profits from its commercialization. This new international regime would harmonize protection of TK found in various international treaties and balance access to knowledge and genetic resources with benefits flowing back to the TK holders.
The dominant argument of these activities is that the international regime should recognize property rights over TK either through the existing international intellectual property rights (IPR) framework, 15 or through a sui generis system, designed to reflect the concerns and interests of indigenous communities. Such sui generis systems are built on the notion of collective property defines TEK as knowledge and values that have been acquired through experience, observation, from land or from spiritual teachings and handed down from one generation to another. rights, as opposed to individual property rights and include a positive duty to preserve and maintain TK. It is these property rights that then give rise to a claim for compensation or benefits when taken without the consent of those holding those rights.
The theoretical justifications for granting property rights over TK are, however, deeply problematic. IPRs, for example, are generally granted only for limited periods and require disclosure of information to the public domain in return for the rights. Following the expiry of the protection, the knowledge automatically flows into the public domain and the original holder retains no interest or control over the use of that knowledge. This limited time period usually does not align with the interests of TK holders who generally conceive of TK as extending down generations, not a fixed number of years. As stated by the Saami Council: 'Indigenous peoples have rarely placed anything in the so called "public domain", a term without meaning to us… the public domain is a construct of the IP system and does not take into account domains established by customary indigenous laws.' 16 Property rights may also run counter to the inalienable nature of many forms of TK, and the view of indigenous communities that it is inappropriate to use outside of its cultural context. TK plays a broader role in indigenous communities than the type of information or knowledge that is conventionally encompassed by the legal framework of IPRs and other property rights. TK functions in another dimension as a system for regulating community interactions with the environment and embedding traditional medicine, agricultural and environmental management practices within the social structure of indigenous communities. It includes principles, rules and spiritual imperatives guiding these complex relationships.
Following on this broad understanding of TK, a third reason to doubt the appropriateness of a property framework is that property can be used to protect particular units of knowledge or a tangible item incorporating that knowledge, but is poorly designed to protect entire systems of knowledge and the rich set of values and cultural meanings that indigenous communities see imbued in that knowledge. The interests that indigenous peoples set to protect relate to the system but, through a property regime, are reduced to individual units of knowledge. This fails to protect what is most important to them. On the other hand, outside knowledge users are usually interested in highly discrete units of knowledge rather than the system itself. Property rights prevent these outsiders More specific benefit-sharing instruments include the Convention on Biological Diversity (CBD), 28 which provides an international framework for the conservation and sustainable use of biological diversity. While the CBD presumes that access to genetic resources should be granted, the benefits from the utilization of those resources must be shared through, for example, transfer of technologies (including biotechnology), rights over the resources and appropriate funding. 29 The CBD grants these rights to the sovereign state in which those genetic resources are endemic and not to indigenous communities within its boundaries. 30 However, countries are encouraged to develop policies or national legislation to share, in an equitable way, the results of research and development benefits arising from the commercial and other uses of genetic resources with their indigenous peoples. 31 These benefits may arise between Contracting Parties -supplier and receiver of genetic resource -for example, an indigenous community and a pharmaceutical company.
The CBD recognizes that indigenous and local communities are central to promoting the in situ conservation of biodiversity and its sustainable development. Article 10(c) encourages states, wherever possible, to 'protect and encourage customary use of biological resources in accordance with traditional cultural practices that are compatible with conservation or sustainable use requirements'. 32 Article 8(j) 33 requires parties to, subject to national legislation, 'respect, preserve and maintain knowledge, innovations and practices of indigenous and local communities embodying traditional lifestyles' that are 'relevant for the conservation and sustainable use of biological diversity'. In addition such protective measures should 'promote their wider application' of TK but only with 'the approval and involvement of the holders'. The measures should also 'encourage the equitable sharing of the benefits arising from the utilization of such knowledge, innovation and practices'. Ibid, art 1.
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The Bonn Guidelines on Access to Genetic Resources and Fair and Equitable Sharing of the Benefits Arising out of their Utilization 34 direct benefit-sharing under the CBD. The main features of these guidelines include prescriptions that contractual arrangements provide for the use of IPRs and licences by common consent as well as the possibility of joint ownership of IPRs according to degree of contribution. 35 According to the guidelines, the parties should consider whether IPRs should be sought and if so, under what conditions and whether any property rights including IPRs may be assigned or transferred within material transfer agreements. 36 The guidelines contemplate that benefits flowing to the TK holders could include monetary benefits in the form of royalties, licence fees in the case of commercialization and joint ownership of IPRs. 37 After many years of contentious discussions and negotiations, The Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity 38 [Nagoya Protocol] was adopted on 29 October 2010. The Nagoya Protocol reiterates the linkage between the conservation aims of the CBD and ABS in the following language: ABS shall contribute 'to the conservation of biological diversity and the sustainable use of its components'. 39 According to Kamau and co-authors (2011), the Nagoya Protocol calls for national regimes for ABS to provide mechanisms under which parties wishing to gain access to TK and TK holders enter into agreements based on mutually agreed terms and prior informed consent but in a manner that does not overly restrict access to genetic resources. 40 Current frameworks in the Philippines 41 and Brazil 42 have been criticized for interposing heavy bureaucratic structures that undermine access.
Kamau and co-authors identify, in a detailed analysis of the negotiations that lead to the Nagoya Protocol and the protocol itself, the following significant achievements:
the binding nature, clear definition of 'utilisation of genetic resources' integrating the use of biochemical (despite omission of an indicative list of possible uses), obligations to ensure legal certainty, facilitation of non-commercial research, obligations to ensure compliance supported by monitoring, stronger involvement of local and indigenous communities holding genetic resources and traditional knowledge, measures on increasing capacity and awareness, additional obligations on dispute settlement, the establishment of an ABS Clearing-House Mechanism, and encouragement of multilateral approaches in transboundary situations. 43 The ABS Clearing-House Mechanism is an important feature of Nagoya Protocol and facilitates the collection and sharing of information on the national implementation of ABS, including legislative and other measures, permits, relevant authorities and institutions as well as codes of conduct and best practices. 44 Another important feature of the Nagoya Protocol, and one of significant interest to biodiversity researchers, is the contained simplified procedures for non-commercial use. 45 A strong advocate for fundamental research was David Schindel, executive secretary of the Consortium for the Barcode of Life. 46 He argued that a 'one-size-fits-all' solution to ABS for both commercial and noncommercial use 'could have devastating effects on research conducted by foreign and local investigators, and even on the technological growth and economies of developing countries'. 47 Of specific note are researchers working in the fields of taxonomy, ecology and biodiversity, which are non-Ibid, at 779. 49 an international initiative involving 25 developed and developing countries which aims to retrieve barcodes from 5 million specimens representing a half a million species. 50 Barcodes are short, standardized pieces of DNA that enable researchers to build a library of species. That library then enables the quick and accurate identification tool for the Earth's biodiversity so that changes may be monitored over time. 51 In this sense, barcoding is aimed purely at non-commercial taxonomic research and biodiversity monitoring and falls squarely within the ambit of the CBD. However, even in the context of iBOL, issues arise with respect to ABS. The specimens are collected in many countries, but then sent to sequencing centres in developed countries, such as the Centre for Biodiversity Research at the University of Guelph, Canada. The mandate of iBOL is to share data freely and openly for the benefit of international conservation efforts, but, even though it is only utilizing minute fragments of the DNA from specimens, each specimen necessarily embodies the entire genome for that species. Without strict guidelines on the extent of sharing and use of sequence data generated, and strict guidelines on the storage, use and disposal of samples, the trust of developing country partners concerned about ABS and commercial use could be diminished, compromising this important international endeavour.
In addition, as stated by Kamau and co-authors, most commonly, the lines between commercial and non-commercial research are increasingly blurred as universities in developed and developing countries alike adopt research agenda designed to commercialize research, acquire and manage intellectual property rights, and seek greater linkages with industry.
Despite the above significant achievements in the Nagoya Protocol, Kamau et al go on to criticize the weak language and qualifiers in important provisions of the Nagoya Protocol, a lack of clarification on the retroactive effect of ABS schemes and the absence of obligation on user states to require benefit sharing. These authors conclude as follows: out minimum international standards for intellectual property protection and enforcement, including minimum terms and conditions on granting compulsory licences. TRIPS covers, among other topics, patents, trademarks, monopolies for developers of new plant varieties, geographical indications, and trade secrets. 57 TRIPS is now in force internationally, although least developed countries may delay granting patents over pharmaceuticals until 1 January 2016. 58 Under TRIPS, patents must be made available for inventions that are new, involve an inventive step (or are non-obvious) and are capable of industrial application (or are useful). 59 Such patents must be granted without discrimination on the basis of the field of technology, place of invention, and whether the products are imported or produced locally. However, Article 27(2) permits some exclusions from patentability such as inventions that violate public order or morality, threaten human, animal or plant life, health, or the environment. 60 Article 27(3) of TRIPS permits the exclusion from patentability of higher life forms and 'essentially biological processes' for their production. 61 Patents must be allowed on micro-organisms, but plants and animals may be excluded from patent protection. However, plant variety protection, for example under a UPOV type system or other sui generis regime, must be available for plants. As with many of the provisions of TRIPS, this section uses broad and vague language, leaving a high degree of uncertainty over the meaning of essential terms, such as micro-organism (which may include bacteria, viruses, fungi, yeast, and even plant and animal cells) and an 'essentially biological process', although, at a minimum, this likely includes traditional plant breeding methods. 62 Geographical Indications (GI) identify goods of a given quality, reputation and uniqueness as originating within a particular region. 63 Like trademarks, GIs are directed at representations that may lead to public confusion about the point of origin of a product. They may present a real opportunity for substantial gains to developing countries and indigenous communities worldwide since many produce distinctive products such as foods, drinks, and handicrafts. The problem arises with their limited utility in the absence of quality control, marketing and market information. At present the potential of GIs for developing countries is somewhat speculative because this type of IPR has been used in only a few countries outside Europe. Many GIs have quite small markets and a relatively low level of trade internationally. 64 While the above discussion relates to TK more broadly, instruments to share and protect traditional ecological knowledge are much less developed. The Brundlandt Report first recognized the need to protect TEK because of its usefulness for conservation and sustainable development. 65 Until recently, the focus has been on protecting TEK from the incursion of western approaches to conservation and environmental impact assessment and so instruments have addressed this need. For example, clause 4 of chapter 26 of the Agenda 21 of the Rio Declaration 66 gives indigenous peoples an opportunity for greater control over life and lands in accordance with national legislation and the possibility of participating in the establishment and management of protected areas. National legislation on environmental impact assessment agreements may also require TEK to be taken into consideration alongside western scientific methods for environmental impact assessment. For example, the Canadian Environmental Impact Assessment Act 67 recognizes community knowledge and indigenous traditional knowledge when conducting environmental assessment. There are also some mechanisms to prevent misappropriation of ecological knowledge such as information repositories, whereby scientists may have to pay a fee to access the knowledge. 68 
CURRENT INTERNATIONAL DISCUSSIONS AND LEGAL ALTERNATIVES
While most past and current international discussions surrounding TK have treated it as the property of either states or of indigenous communities, there has been some movement towards non-property-based mechanisms for protecting and respecting TK. Assuming the existence of an entitlement to TK by a given group, that entitlement may be protected through a property regime (meaning that consent is required to use the TK), a liability regime (under which no prior consent is required but compensation must be paid), an inalienability regime (where TK would never be transferable), or some combination of the above. 69 A property rights scheme would likely require a sui generis legal framework such as that implemented in Brazil in which indigenous communities have an absolute veto over the use of TK. 70 An alternative is the development of a misappropriation regime under which compensation must be paid for the use of TK after the fact. Such a regime could be based on existing laws for unfair competition and has the potential to enhance both moral and cultural rights. 71 Discussions at the WIPO Intergovernmental Committee on Intellectual Property and Genetic Resources, Traditional Knowledge and Folklore (the IGC), which met for the first time in 2001, explore this option. Chapter 2 by Charles Lawson reviews the ongoing attempts by WIPO to address genetic resources and outlines the influence on the debates of the CBD and the Nagoya Protocol.
The WIPO discussions relevant to TK 72 centre around a recognition of the Countries with specific laws on access to genetic resources and benefit sharing include: Constitutional Law: Bolivia, Colombia, Ecuador; Special/Specific Laws and Legislative Measures: Argentina, Australia, Bhutan, Bulgaria, Cameroon, Chile, China, Costa Rica, European Community, India, Italy, Kenya, Malaysia, Mexico, Norway, Organization of African Unity, Panama, Peru, Philippines, Portugal, Russian Federation, South Africa, Switzerland, Uganda, Venezuela (available at: http://www.wipo.int/tk/en/laws/genetic.html (last accessed November 2011)). 3) The following in particular shall be prohibited: (i) all acts of such a nature as to create confusion by any means whatever with the establishment, the goods, or the industrial or commercial activities, of a competitor; (ii) false allegations in the course of trade of such a nature as to discredit the establishment, the goods, or the industrial or commercial activities, of a competitor; (iii) indications or allegations the use of which in the course of trade is liable to mislead the public as to the nature, the manufacturing process, the characteristics, the suitability for their purpose, or the quantity, of the goods.'
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Revised Draft Provisions for the Protection of Traditional Knowledge: Policy Objectives and Core Principles in
The Protection of Traditional Knowledge, supra note 3, available at: http://www.wipo.int/export/sites/www/tk/en/consultations/draft_ provisions/pdf/draft-provisions-booklet-tk.pdf (last accessed November 2011).
value, importance 73 and scientific equivalence of TK to other knowledge systems. The aim of these discussions is to promote respect for TK, including the contributions it can make to conservation of the environment, food security, sustainable agriculture, and to the progress of science and technology. At the same time, discussions also aim to meet the actual needs of TK holders, which include the promotion and preservation of TK, as well as the continued development and use of TK systems. Discussions centre on how to ensure that TK holders are enabled to make decisions about the use and sharing of TK and, in particular, that any uses of TK are fair and equitable and return benefits to the TK holders.
In terms of intellectual property, the IGC has explored the grant of improper IP rights over genetic resources and ATK to unauthorized parties. Further, discussions continue on whether patents should be granted unless the patent holder discloses the source of any genetic resources and associated TK; the source and country of origin of the resources; and evidence of compliance with national regimes for prior informed consent and benefit-sharing of the country of origin. Graham Dutfield calls options to protect TK within existing IP laws, 'defensive protection'. 74 He suggests that in practice, 'defensive protection may be more achievable than positive protection. This is because some of the most commonly discussed defensive protection measures are basically enhancements to or modifications of existing intellectual property rights.' 75 Beyond requiring disclosure of origin and prior informed consent, another defensive option is for countries to establish databases or registries of genetic resources and ATK that may then be used as evidence of prior art within the patent examination process. Under such an approach, a patent office could reject a patent for not being new or inventive, thus preventing misappropriation of the genetic resources and ATK. Such registries have been developed in India 76 and 16 
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Ibid. Article 3(2) of the Draft Provisions define the scope of the subject matter as: 'For the purpose of these principles only, the term "traditional knowledge" refers to the content or substance of knowledge resulting from intellectual activity in a traditional context, and includes the know-how, skills, innovations, practices and learning that form part of traditional knowledge systems, and knowledge embodying traditional lifestyles of indigenous and local communities, or contained in codified knowledge systems passed between generations…It is not limited to any specific technical field, and may include agricultural, environmental and medicinal knowledge, and knowledge associated with genetic resources.' 74 Dutfield, supra note 62.
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Ibid, at 110. Some countries that restrict patenting of non-ABS compliant inventions include: Andean Countries, Belgium, China, Denmark, Egypt, Germany, India, Norway, Romania, South Africa, Sweden, Switzerland (available at: http://www.wipo.int/tk/en/laws/genetic.html (last accessed November 2011)).
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The Traditional Knowledge Digital Library (TKDL) makes Indian traditional 79 The TKDL is currently negotiating with the United States Patent Office for a similar consideration of the contents of the database as prior art. 80 The EPO also considers repositories of information for traditional Chinese medicine. In fact, in 2008, the Chinese patent office (SIPO) allowed the EPO access to its database of 32,000 entries. 81 The International Crops Research Institute for the Semi-Arid Tropics is also working on a joint project with the EPO to provide publications on new technologies and plant varieties it develops as prior art and part of its 'defensive publication' scheme. 82 knowledge prior art accessible to patent offices. It translates Indian traditional knowledge from existing prior art, traditional knowledge formulations or know-how, available in Hindi, Sanskrit, Arabic, Persian, Urdu and other languages, into English, French, German, Spanish and Japanese. The aim is to prevent commercial appropriation of Indian traditional knowledge already available in the public domain. Available at: http://www.tkdl.res.in/tkdl/langdefault/common/home.asp?GL=Eng (last accessed November 2011). At the IGC, other substantive provisions accompany the overall objectives and guiding principles. 83 Importantly, the IGC recognizes an international norm against misappropriation but 'does not create exclusive property rights over intangible objects '. 84 Instead, it targets the unfair dealings with the knowledge being protected, recognizing that many forms of law may be applicable in this context to address the needs, views and concerns of TK holders. The emphasis on unfair dealings (and examples are given) 'allows countries to take into account various domestic and local factors when determining what constitutes misappropriation' in consultation with indigenous and local communities. 85 The IGC has discussed varied forms of legal protection against misappropriation of TK, 86 thus giving effect to the guiding principle of 'flexibility'. These forms of protection may include a mixture of sui generis laws on TK or laws that address the interests of indigenous peoples; IP laws, unfair competition, unjust enrichment, contracts, civil liability (including tort law), criminal law, fisheries, environmental protection; or specific laws governing access and benefit sharing. In addition the IGC has specifically recognized the concern of many TK holders that 'new forms of protection of TK against misappropriation should not impose private rights on their TK':
The form of protection need not be through exclusive property rights, although such rights may be made available, as appropriate, for the individual and collective holders of traditional knowledge, including through existing or adapted intellectual property rights systems, in accordance with the needs and the choices of the holders of the knowledge, national laws and policies, and international obligations. 87 18
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Ibid. The Draft Provisions state in Article 4 the minimum eligibility for protection and Article 5 articulates the beneficiaries of protection.
At a minimum, the protection against misappropriation should last as long as the criteria for eligibility for protection are met, 88 and there should be no or minimal formalities for eligibility for protection, such as registration. 89 These protections are, however, very broad, indeed broader than most intellectual property rights, especially in terms of duration.
Another available option is to impose a liability framework described as:
a 'use now, pay later' system, according to which use is allowed without the authorization of the right-holders. But it is not free access. Ex-post compensation is still required. A sui generis system based on such a principle has certain advantages in countries where much of the TK is already in wide circulation but may still be subject to the claims of the original holders. Asserting a property right over knowledge is insufficient to prevent abuses when so much traditional knowledge has fallen into the public domain and can no longer be controlled by the original TKholders. A pragmatic response is to allow the use of such knowledge, but to require that its original producers or providers be compensated. 90 Under such a scheme, distribution of royalties could be managed by a government agency or a private collective management institution. Such collective management agencies already exist in many countries to collect royalties for musicians, performers and other artists and as described at the Food and Agriculture Organization through the funding programme of the International Treaty on Plant Genetic Resources for Food and Agriculture. The establishment of such an agency would ideally be accomplished in consultation and with participation of TK holders to ensure that the system is fair and accords with the cultural values of the communities and peoples involved. Another option is the private law option. Such an option is available where a coordinated legal framework is not in place. For example, the terms and conditions of access to TK or other information can be set where cultural heritage and TK are archived or where indigenous communities otherwise control access. It is important to note, however, that terms and conditions for the use of TK, contained in licensing agreements or material transfer agreements (for example for biological samples), do not address the issue of TK that is already in the public domain. Common licensing terms include restrictions or limitations on use (e.g., non-commercial use only); allowing or disallowing derivative work/modification; restriction on use by third parties because contractual terms are only enforceable between the parties to a contract; differential terms for commercial versus non-commercial use; acknowledgement of source (in publications and elsewhere); co-publication; viral licensing provisions (derivative works licensed on the same terms); royalties; pricing; dispute resolution; legal jurisdiction; duration for use; cost recovery; quality control; liability; confidentiality or non-disclosure; non-monetary benefits; termination (unilateral or otherwise). Contracts are a very flexible means of managing TK and genetic resources, and, within the bounds of the law, terms may be set to meet the needs, interests and imaginations of the parties. Again, capacity and resources to develop and enforce such agreements are an issue, but model agreements are available 91 or could be developed. Peter Phillips and co-authors, in Chapter 8, survey Canadian indigenous communities to identify and evaluate how they are currently protecting and sharing TK. They conclude that most communities have informal, relatively undeveloped approaches to dealing with their TK and with outside communities wishing to access that TK. While treaties and legislation are in place, without more substantive policies toward the management of TK, Canadian indigenous communities may not be able to take full advantage of their TK under international law.
Finally, however, Dutfield cautions that 'devising the most sophisticated and elaborate system is useless if the potential users and beneficiaries are unaware of its existence and/or have more immediate concerns such as extreme poverty, deprivation and societal breakdown caused by the insufficient recognition of their basic rights'. 92 Dutfield's chapter focuses on the pharmaceutical industry and asks the questions: how important is TK to drug discovery and, second, is the patent system biased against non-scientific description of TK and will the patent system accept non-inventive patents of TK that have been merely translated into scientific language?
Elaborate schemes are also unlikely to address rapid technological advances in biotechnology. One example is the emerging field of synthetic biology, which uses an array of biological parts, mainly nucleotide sequences, that are readily synthesized and combined in different biological arrangements to make useful products such as biopharmaceuticals and biofuels. 93 While the creation of synthetic biological systems using standard parts as envisioned by the BioBricks Foundation, and the creation of the first 'synthetic' microorganism by Craig Venter in 2010 show the potential evolution of the field, current applications may more accurately be defined as advanced genetic engi- neering. 94 Current projects combine high throughput plant metabolomics with a synthetic biology yeast production platform. The aim is to reconstruct plant biochemical pathways in yeast to produce high value bio-products (biofuels, and agricultural and forest products, and medicinal compounds). The best known example of this approach is Amyris Biotechnologies, which partnered with OneWorld Health and sanofi-aventis to produce semisynthetic Artemisinin, a cheap anti-malarial produced from wormwood. 95 The current focus of Amyris Biotechnologies, in partnership with Brazilian sugar producers, is to produce synthetic biofuels.
Synthetic biology raises unique and boundary-challenging issues for the management and distribution of genetic resources. 96 Within the CBD and the Nagoya Protocol, synthetic biology is captured through the concept of derivatives (products derived from biotechnology) and examples of utilization of genetic resources include the 'use of genetic material as a "factory" to produce organic compounds'. Such concepts are also present in national ABS laws (e.g., Brazil, Thailand, Philippines) and compliance with such laws is a prerequisite for patenting in some countries, such as China. However, the high throughput nature of many of these projects and the ability to construct synthetic nucleotides from genomic sequence information means that access to the actual biological material will become increasingly unnecessary. To complicate matters further, the Nagoya Protocol does not apply retroactively to biological material already held in ex situ collections. Thus the Nagoya Protocol, designed to address issues of bioprospecting activities from the last and previous centuries, is unlikely to prove effective with modern highthroughput methods to identify and synthesize compounds of interest.
LESSONS FROM NATIONAL CASE STUDIES
After having set out the international context in which TK is being debated, in Part 2 the book moves on to a consideration of the national implementation of systems for the protection of TK and the sharing of derived benefits. Many of these regimes, especially in South and Central America, take a property rights approach to TK. 97 In addition, private ordering has led to local initiatives such as the arrangements between companies such as US-based Shaman Pharmaceuticals and the Body Shop and indigenous peoples that provide for a compensatory-based benefit-sharing scheme. 98 Shaman Pharmaceuticals develops new therapeutics in collaboration with indigenous peoples of tropical forests and the Body Shop is bioprospecting in the Kayapo region of Brazil, working with the Kayapo Indians. Both companies have developed mechanisms to return some benefits from the commercialization of medicinal plants and traditional knowledge, and the Body Shop has even sponsored projects to assist local people to establish enterprises for processing crude products. 99 Another example is the G.D. Searle & Company arrangement with the Araguana peoples living in Brazil, which compensates them for resource collection and for use of their TK as well as providing a set collection fee and an annual know-how licensing fee while research, development and marketing of the product were ongoing. 100 Earlier, we set out general problems with using a proprietary approach to TK. Here, we delve deeper and investigate whether such an approach is even practical given the needs of national and regional economic development, conservation of genetic resources, and the consideration of all interests, especially in developing countries. In this section, we compare the context for legal protection of TK in four national jurisdictions: Brazil, Kenya, India and (2002) provides that the licence contract must contain a statement of the compensation that the indigenous group will receive and of the use of their collective knowledge. Compensation includes an initial monetary or other equivalent payment for sustainable development and a percentage of not less than 5% of the value, before tax, of the gross sales resulting from the marketing of the goods developed directly or indirectly on the basis of the collective knowledge. It also defines when the knowledge is in the public domain and explicitly recognizes that a group may bring an action claiming ownership. Canada. We compare the legal protection, where it exists, of genetic resources and associated TK and describe forms of protection for indigenous knowledge including political or governance models available to indigenous communities; private law avenues, such as contract law; liability rules; acknowledgement; inalienability; constitutional protection; controlled access; and community-based knowledge repositories.
Brazil
The first case study by Edson Beas Rodrigues Jr. focuses on Brazil. That country is culturally and biologically diverse with a constitutional framework that recognizes the rights of indigenous peoples and the territorial rights of AfroBrazilian rural communities. Faced with concerns over bio-prospecting/biopiracy -the scandal involving the Bioamazônia Association and Novartis Pharmaceuticals was a cause célèbre in the country in 2000 -the Brazilian government took action. In 2000, Brazil adopted a domestic ABS regime to protect TK and implement the country's commitments under the CBD. These laws invests all local communities with an interest in the TK -even if that TK is shared with other communities -associated with biodiversity with a veto over any use of that knowledge without their consent, which amounts to a property right.
This legal framework has several problems, as discussed by Rodrigues Jr., including its very broad interpretation of which communities have an interest in TK and the lack of adequate consideration to additional national interests such as establishing an endogenous research base and bio-innovation industry founded on Brazil's rich biodiversity. Other difficulties include that of distinguishing between TK, which is specifically held by communities, and knowledge which has become part of the cultural heritage of the broader community to be used in furthering Brazil's national interests. A myriad of other laws also govern research involving indigenous peoples, causing bureaucratic overlaps and increased transaction costs. The system makes it difficult to identify communities holding TK (as the TK may be diffuse and the same or similar TK may be held by many communities) and the appropriate representative organization with which to negotiate proper consent and equitable benefit sharing agreements. Moreover, as a national system of laws, its effect falls disproportionately on Brazilian researchers and companies, as those overseas may rely on published accounts of TK and samples from external collections. The net effect of the laws is to discourage local research and development while doing little, in practice, to lessen perceived international bio-piracy. This undermines the goal of building a biodiversity-based industrial sector in the country. Proposed reforms may address some of these issues by distinguishing between access for research and the development of commercial products. Finally, the Brazilian system may do little to address the interests of indigenous communities that are under threat from urbanization and encroachment by large-scale agriculture and other resource-based industries.
Kenya
Kenya's wide variety of traditions, cultures and practices mixed with its rich biological diversity offers another window into how a country deals with its TK. While the specific modes of managing natural resources and handling biological resources may differ between groups, the members of all national communities have evolved unique ways of interacting with, and acquiring knowledge of, their natural environment. For the Turkana, a pastoralist and semi-nomadic people, the TK related to traditional medicines is particularly important for health and veterinary care. Further, TK related to the droughtprone woodland environment is essential for optimal use of trees and to regulate the exploitation of natural resources. Despite the importance of this TK both to the Turkana and the natural environment, Kenya has largely ignored these practices by granting tree harvesting licences, leading to the displacement of communities and loss of associated TK.
Kenya's new constitution adopted in 2010 requires the state to 'protect and enhance intellectual property in, and indigenous knowledge of, biodiversity and the genetic resources of the communities' and to enact legislation to give full effect to this provision. It also deals with the status of trust land, such as that occupied by the Turkana, which is held under customary or communal tenure. The authority for dealing with this land lies with county councils who have the specific mandate to manage trust land for the benefit of the ordinary residents and to give effect to the customary laws. Despite this, title remains legally tenuous since it is often superseded through compulsory government acquisition or transformed into private land under a land registry system, which displaces customary law. Although recognized in principle, customary rights, whether to land, resources or knowledge, do not enjoy strong protection in practice. The courts apply the common law and only consider customary law when there is no applicable common law or principle of equity, a fairly rare occurrence.
At an administrative level, Kenya's framework legislation for environmental management and other related laws protect or recognize the traditional interests of local communities. In 2006, Kenya issued broad regulations for accessing genetic resources or TK, making it necessary to obtain a research clearance certificate from the relevant State authority, prior informed consent from the community and/or property owners, and entering into a material transfer agreement that includes the sharing of monetary and non-monetary benefits. It is too early to determine how these changes will affect TK and traditional communities in practice.
India
Ashok Kumbamu explores two contradictory trends since the introduction of neoliberal economic policies into India. The first is the rapid commercialization of agriculture and spread of new agricultural technologies. The second consists of the community-oriented movements to counter market forces, government policy and empower communities with a range of autonomous powers. The chapter examines strategies of community-based organizations, their effect on indigenous knowledge systems, and whether these efforts preserve indigenous knowledge systems.
According to Kumbamu, Indian economic liberalization in the 1990s included the removal of import and export restrictions, deregulation, and changing agricultural policy and seed reforms. Collectively, these reforms led to an agricultural crisis manifested by higher seed prices, greater use of pesticides and fertilizers, and loss of TK. For new technologies such as Bt Cotton, regulatory institutions did not function effectively or transparently, with a closed approval process consistent with state policy facilitate market expansion. At the same time, the effect of the 'Gene Revolution' on TK was to dispossess farmers, widening the rift between primary producers and nature and affecting the social status and bargaining power of farming communities.
To counter these trends, community-based organizations, such as the Deccan Development Society, attempted to preserve indigenous knowledge and counter deskilling using two broad categories of strategy: (1) place-based strategies of community development to strengthen autonomy over food, land, seeds and the commons; and (2) a network-based solidarity movement, which comprised coalition movements and research to protest and criticize technoagricultural production systems. Kumbamu explores these strategies and their effect on preserving TK and the communities that hold it.
Canada
As noted earlier, Peter Phillips and co-authors discuss how Canada's indigenous peoples have constructed policies, practices and institution's to govern their own interests in managing TK and genetic resources. This thesis is expanded in Chapter 9 by Cherie Metcalf and Tania Bubela, which outlines the unique issues facing First Nations, Metis and Inuit in Northern Canada. Despite being a signatory to the CBD and having co-chaired the discussions leading to the Nagoya Protocol, Canada has made little progress toward the national implementation of ABS provisions. Nevertheless, since 1982, indigenous rights (known in Canada as Aboriginal rights) have been constitutionally recognized. The Canadian doctrine of Aboriginal rights affords protection to activities, practices, and customs that are integral to the distinctive cultural continuity of Aboriginal communities, as well as protecting Aboriginal land rights and treaty rights. The multiple dimensions of TK suggest it may be itself protected within the doctrine of indigenous rights, or may be protected as an element of broader indigenous rights. The Supreme Court of Canada has further recognized legal entitlements for Aboriginal rights-holders to participate in decision-making that may impact those rights. This duty of governments to consult with Aboriginal peoples is apparent in a wide variety of legislation related to education, health, criminal justice, social services, and environmental management.
An ability to maintain TK and protect its role in structuring community relationships is an important interest for Canada's indigenous peoples. This interest may more closely align with calls for a right to self-government to be recognized under the Constitution -which would allow indigenous communities broad scope to design their own legal structures for the protection and management of TK in both environmental and health contexts. Such autonomy has been created in parts of Northern Canada and other regions covered by modern land claims treaties and self-government agreements, particularly in the context of co-management boards for natural resources. One of the most established examples of the latter is the Mackenzie Valley Environmental Impact Review Board composed of both Aboriginal and non-Aboriginal members. The board considers scientific evidence of environmental and social impact alongside TK, privileging neither knowledge system. It makes decisions to development projects in the Mackenzie Valley, Northwest Territories in the interests of all residents.
Similarly, Chapter 10 by David Hik and co-authors suggests that the existing legal framework encourages scientist working in Canada's north to consult with First Nations and Inuit communities when research is to be conducted within their territory. While most laws do not require the sharing of benefits, the way is open for the imposition of contractual obligations on researchers. There are, in fact, a number of examples of community-driven, collaborative research where TK is considered as an equally valuable knowledge system alongside western science. These include the Northern Contaminants Program, some research projects associated with the International Polar Year and with the large Networks of Centers of Excellence devoted to Arctic research, ArcticNet. Both ArcticNet and the International Polar Year Data Management Committee have restricted access to TK collected in research projects as an exception to otherwise open data access policies.
